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For the design validation of mechanical systems undergoing dynamic
motion, small-deformation flexible multibody simulation is an important
tool for assessing the performance. In this work we propose a new system-
level methodology which allows to formulate the model as a compact set
of ordinary differential equations (ODE) with a constant mass-matrix and
nonlinear internal forces. This novel method is a system-level approach
based on the global component mode synthesis approach and is therefore
denoted as the system-level global component mode synthesis (SL-GCMS).
The method resolves two typical issues which lead to long simulation times
in flexible multibody simulation: a large number of degrees-of-freedom due
to the inclusion of interface modes for all flexible components and the
differential-algebraic equation (DAE) structure due to the presence of the
constraints. The framework starts from the construction of the flexible
multibody model in the global component mode synthesis (GCMS) ap-
proach. This methodology leads to a set of differential-algebraic equations
with a constant mass-matrix and nonlinear internal forces. An important
aspect of this approach is the that global nodal coordinates can be written
as an linear function of the component modes. This in turn enables many
joint-equations between bodies to be written as linear equations. These
linear equations can be eliminated explicitly from the equations-of-motion,
such that a set of ODE is obtained with a constant mass-matrix and nonlin-
ear internal forces. This equation structure allows for much more flexibility
(and efficiency) in the time-integrator selection with respect to the DAE
description typically obtained for flexible multibody models. In a second
stage, this set of ODE is reduced in size by projection onto a reduced order
basis (ROB). This allows to alleviate the excess degrees-of-freedom which
are typically introduced in a flexible multibody model as each component
needs to be described by a too large number of modes in order to ensure
that the system modes are sufficiently accurate. The can be either based
on a proper orthogonal decomposition of a (number of) training simula-
tion(s) or on some set of dynamic modes for the system in a number of
configurations. Moreover, the specific equation structure of the original
GCMS model can be exploited in order to ensure that no back-projection
to the original GCMS degrees-of-freedom is required during the simulation.
The proposed method is validated numerically on a range of flexible multi-
body models in order to demonstrate its general applicability. A flexible
five bar mechanism (see Fig. 1) is used to demonstrate the efficiency and
reduction potential in a model which is difficult to handle with many multi-
body descriptions. The original model consists of five bodies described by
Figure 1: Motion of the (unreduced) five-bar mechanism.
a total of 61 flexible modes (amounting to 597 degrees-of-freedom for the
GCMS model). The accuracy of the SL-GCMS model for the inclusion of
an increasing number of training-based reduced modes is shown in Fig. ??.
These results clearly show the large potential for model reduction through
the SL-GCMS approach in flexible multibody simulation. The computa-
tional load is similarly reduced by several orders-of-magnitude.
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Figure 2: Simulation error of SL-GCMS model with training-based
ROB for increasing SL-GCMS size for the five-bar model.
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